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METHOD AND SYSTEM FOR VERIFYING VOLTAGE IN AN 

ELECTRICAL SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

The present invention relates generally to the field of enclosures housing electrical 
equipment. More particularly, the invention relates to a technique for positively 
identifying that electrical power is not present in at least a portion of an enclosure housing 
an electrical device. 

2. Description Of The Related Art 

Many types of electrical devices are comprised of electrical components housed 
within an enclosure. These enclosures may serve many purposes. For example, an 
enclosure may be used to protect the electrical components of the device from the 
environment. Alternatively, an enclosure may be used to protect people from the 
electrical components housed within the enclosure and, more importantly, from the 
electrical hazards associated therewith. 

Occasionally, it may be desirable to enter an enclosure to access the electrical 
components. For safety reasons, it is preferable that there be no hazardous power be 
supplied to an electrical device when entering the enclosure to access the electrical 
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components. The components must be considered energized until the absence of any 
hazardous voltages within the enclosure is verified. 

The presence or absence of a hazardous voltage within an electrical device may be 
5 detected with a voltmeter. However, typically the enclosure must be opened to enable a 
user to access the electrical components with the voltmeter. However, because each 
components has not been verified as "de-energized", the device must still be considered 
energized, and special safety precautions may be required. The special safety precautions 
often require personal protective equipment to be used, which may be awkward to work 

10 in and hamper the taking of measurements. In addition, taking voltage measurements 

with a voltmeter may not detect when there is a temporary loss of power upstream of the 
device. This may produce a false indication that power to the electrical device has been 
removed. When the power upstream of the device is restored, the electrical components 
within the enclosure may be re-energized. Therefore, this method does provide a positive 

15 verification that the electrical device has been de-energized and, most importantly, 
exposes the user to electrical hazards. 

A light may be connected at a point within an electrical circuit of the device to 
indicate the presence of a voltage. The light may be connected in the electrical circuit so 
20 that it is illuminated if there is a voltage present, thereby providing an indication of the 
presence of a voltage in the circuit. However, the converse is not true. For example, if 
the light is not illuminated, it may mean that there is no voltage in the circuit. However, 
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it may also mean that the bulb simply has failed. In addition, this method also cannot 
detect a temporary loss of power upstream of the device. Therefore, this method also does 
provide a positive verification of the absence of a voltage within the device. 

5 In addition, it may be desired to detect voltages within an electrical device to 

troubleshoot a problem within the electrical device or simply to verify the proper 
operation of the electrical components within the device. For example, if a voltage is 
detected at a point upstream of a component, but not detected at a point downstream of 
the component, then there is an open in the circuit between the two points. The open in 
10 the circuit may be due to the failure of the component. 

A need exists for a technique to enable the absence of a hazardous voltage within 
an electrical device to be verified without a person having to access the interior of the 
device to take voltage measurements. Furthermore, there is a need for a technique to 
1 5 enable a positive indication that a voltage is not present within an electrical device to be 
provided to a person before entering the electrical device. 

SUMMARY OF THE INVENTION 

A system operable to detect voltages within an electrical enclosure or devices and 
20 provide an output based on the voltages detected by the system. The electrical device may 
comprise an isolation switch adapted to selectively isolate the electrical device from an 
electrical bus. The system may be operable to detect voltage on the electrical bus and the 
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electrical device downstream of the isolation switch. The system may provide an indication 
that voltage is detected on the electrical bus, but that no hazardous voltages are detected 
within the electrical device downstream of the isolation switch. The system may be adapted 
to produce a plurality of outputs based on the voltage detected on the electrical bus and in 
5 the electrical device downstream of the isolation switch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages and features of the invention will become 
apparent upon reading the following detailed description and upon reference to the 
1 0 drawings in which: 

Figure 1 is a front elevation view of a motor control center, in accordance with an 
embodiment of the present technique; 

1 5 Figure 2 is a rear elevation view of the motor control center of Figure 1 ; 

Figure 3 is schematic diagram of a voltage verification system, in accordance with 
an embodiment of the present technique; and 

20 Figures 4A-4C are a logic table for the voltage verification system of Figure 3. 
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DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Turning now to the drawings, and referring first to Figure 1, a motor control center 
(MCC) 10 is illustrated. However, the techniques described herein may be used in other 
electrical devices. In a typical factory setting, one or more such MCC installations may be 
made to control a large number of material handling, manufacturing, packaging, processing, 
and other equipment. In the illustrated embodiment, the MCC comprises three sections 12. 
However, a greater or lesser number of sections 12 may be used. The MCC 10 receives 
three-phase line power and couples it to each section 12. In the illustrated embodiment, 
each section 12 has an enclosure 14 that is adapted to couple power to a plurality of units 
16. In the illustrated embodiments, the units 16 are adapted to "plug-in" to the MCC 10. 
However, other methods of coupling the units 16 to the MCC, and other devices, may be 
used. The units 16, in turn, are adapted to be disposed into the enclosures 14 to receive 
power. The units 16 may also receive non-hazardous power from a low-voltage (e.g. 24 
volt DC) power source. In addition, the units 1 6 may receive and transmit data via a pre- 
established data protocol, such as the DeviceNet protocol established by Allen-Bradley 
Company, LLC of Milwaukee, Wisconsin. In this embodiment, each section 12 has a wire 
way 18 for routing the communication wiring. 

In the illustrated embodiment, the various units 16 comprise several motor 
controllers 20 that are plugged into the MCC 10 to receive power. The motor controllers 20 
are adapted to selectively control power to one or more electric motors. In this 
embodiment, the motor controllers 20 receive three-phase ac power from the MCC. 
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Alternatively, the motor controller 20 may provide ac power to a variable frequency drive 
22 to enable the variable frequency drives 22 to produce a variable frequency ac to power 
one or more electric motors. The variable frequency ac power is coupled from each variable 
frequency drive 22 to a motor via a motor controller 20. In the illustrated embodiment, a 
programmable logic controller (PLC) 24 is provided to enable one or more devices to be 
controlled automatically either from the PLC or via the communications network. 

A disconnect 26 is provided to isolate a unit 16 from the MCC. In the illustrated 
embodiment, each disconnect 26 is adapted with three switches 28, one for each phase of 
the three-phase alternating current. Each disconnect 26 has a handle 30 disposed on the 
exterior of the unit 16 that is operable to open and close the switches 28. In addition, the 
disconnect 26 is adapted to house a short-circuit protection device. In the illustrated 
embodiment, the short-circuit protection device comprises three fuses 32, one for each 
phase of the three-phase alternating current. However, other short-circuit protection devices 
may be used. In the illustrated embodiment, the three-phase power is coupled to electrical 
components 34 within the unit 16. 

Each of the units 16 has a door 36 to enable the interior of each unit 16 to be 
accessed. In addition, some units 16 have a control station 37. In the illustrated 
embodiment, the control station 37 has a light 38 to provide an indication when the unit 16 
is operating. A second light 40 is provided to indicate when an overload condition, or some 
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other fault condition, exists. A control switch 42 is provided to control operation of the unit 
16. 

The units 16 have a voltage verification system 44 that, among other things, is 
5 adapted to detect automatically the presence or absence of hazardous voltages at various 
locations inside the MCC and the units 16 without having to open the door 36. In the 
illustrated embodiment, the voltage verification systems 44 are adapted with an indicator 46 
that is visible from the exterior of the unit 16 with the door 36 closed. The voltage 
verification system 44 is adapted to provide a positive visual indication of an improper 
1 0 condition, a fault, and/or the presence or absence of voltages inside the MCC and the unit 
16 via the indicator 46. As an alternative, the positive visual indication may be provided on 
a control station 37. 

In the illustrated embodiment, each voltage verification system 44 is adapted to 
1 5 detect the voltage on each phase of the three-phase power inside the MCC 10 that is 

provided to a unit 16. Each voltage verification system 44 also is adapted to detect the 
voltage on each phase of the three-phase power downstream of the switches 28 of the 
disconnect 26, but upstream of the fuses 32. In addition, in the illustrated embodiment, the 
voltage verification system 44 is adapted to detect voltages on each phase of the three-phase 
20 power downstream of the fuses 32. 
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Each voltage verification system 44 comprises a processor unit 48 coupled to a 
plurality of voltage detectors disposed in the MCC and in a unit 16, in the illustrated 
embodiment. The voltage detectors may be contact or non-contact sensors. The processor 
unit 48 is adapted to receive data signals from the voltage detectors and process the data to 
identify the operating condition of the unit 16, such as a normal condition or a fault 
condition, based on the voltage data from the plurality of voltage detectors. The voltage 
verification system 44 also is adapted to verify that there is power in the power lines to the 
disconnect 26 of a unit 16 and that no hazardous voltages are present inside the unit 16 
downstream of the disconnect 26 when the disconnect 26 is open. Thereby, providing an 
indication that the unit 16 is electrically isolated from the power bus within the MCC 10 
and that the MCC bus power is not temporarily disabled. Redundancy may be utilized as a 
check-and-balance for the logic sensor or the processor. 

Referring generally to Figure 2, in the illustrated embodiment, three-phase 
alternating current is supplied to each section 12 via a series of horizontal bus bars 60. In 
this embodiment, the horizontal bus bars 60 comprise a first horizontal bus bar 62, a second 
horizontal bus bar 64, a third horizontal bus bar 66, and a fourth horizontal bus bar 68. In 
this embodiment, the fourth horizontal bus bar 68 is coupled to a neutral electrical bus and 
the three lower horizontal bus bars 62, 64, and 66 are each coupled to a different phase of 
the three-phase line power supplied to the MCC 10. Power from the horizontal bus bars 60 
is coupled to a series of vertical bus bars 70 disposed behind panels 72 by a series of 
connectors 74. In the illustrated embodiment, the first horizontal bus bar 62 is coupled to a 
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first vertical bus bar 76, the second horizontal bus bar 64 is coupled to a second vertical bus 
bar 78, the third horizontal bus bar 66 is coupled to a third vertical bus bar 80, and the 
fourth horizontal bus bar 68, the neutral bus, is coupled to a fourth vertical bus bar 82. 
Devices requiring single-phase alternating current may be supplied with power by 
connecting the device to two of the vertical bus bars 76, 78, 80. Devices requiring three- 
phase ac power are supplied with power by connecting the device to all three of the ac 
power vertical bus bars 76, 78, 80. The units 16 are connected to the vertical bus bars by 
inserting a connector 90 (illustrated in Figure 3) around each of the vertical bus bars 70. 

Referring generally to Figure 3, an embodiment of a voltage verification system 
44 is provided. The voltage verification system 44 is adapted to detect the voltage in each 
of the vertical bus bars 70 illustrated in Figure 2, and neutral if provided in relationship to 
earth ground. In addition, the voltage verification system 44 is adapted to detect various 
voltages within a motor controller 20. However, the voltage verification system 44 may 
be used with units and devices other than a motor controller. In addition, the voltage 
verification system 44 is adapted to provide an indication when proper, improper, or fault 
conditions are detected within the motor controller 20. 

In the illustrated embodiment, the motor controller 20 receives three-phase line 
power from the vertical bus bars 70. The three phases of the three-phase alternating 
current are conducted through the vertical bus bars 70 are labeled, "A", "B", and "C", 
respectively. However, the voltage verification system 44 may be used in a single-phase 
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system or more phases, dc power, as well. In addition, in the illustrated embodiment, the 
motor controller 20 is coupled to a communications network to receive and transmit data 
via a pre-established data protocol. The data may be transmitted optically or using a non- 
hazardous voltage so that the communications network signals need not be de-energized 
5 prior to entering the motor controller 20. 

The motor controller 20 is disposed within the MCC 10 such that connectors 90 of 
the motor controller 20 are stabbed onto the first vertical bus bar 76, the second vertical 
bus bar 78, and the third vertical bus bar 80. A first electrical phase 92 within the motor 

1 0 controller 20 is coupled to the first vertical bus bar 76, a second phase 94 is coupled to 

the second vertical bus bar 78, and a third phase 96 is coupled to the third vertical bus bar 
80. The connectors 90 are coupled to the switches 28 of a disconnect 26 that is provided 
to selectively control bus power from the vertical bus bars 70 to the motor controller 20 
and on to the motor. The disconnect 26 is disposed against a rear barrier 98 of the motor 

15 controller 20 so that there is no line power from the vertical bus bars 70 accessible inside 
the motor controller 20 when the disconnect switches 28 are open. In the illustrated 
embodiment, each phase of the three-phase power has a protective fuse 32. Alternatively, 
a circuit breaker may be used, rather than the disconnect 26 and fuses 32. Downstream of 
the fuses 32 are motor controller components 34 that are adapted to provide power to an 

20 electric motor 100. 
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In the illustrated embodiment, the processor unit 48 of the voltage verification 
system 44 comprises a logic module 102. In addition, the voltage verification system 
comprises a bus monitor module 104 disposed within the enclosure 14 of the MCC 10 
and adapted to detect the voltages in each phase of the three-phase alternating current in 

5 the vertical bus bars 70, and neutral if provided in relationship to earth ground. In the 

illustrated embodiment, the bus monitor module 104 has a plurality of emitters 106, such 
as LEDs, to transmit bus phase voltage data to corresponding receivers 108 on the logic 
module 102. The emitters 106 are used so that the bus monitor module 104 is electrically 
isolated from the interior of the motor controller 20. Preferably, the emitters 106 produce 

1 0 an infrared signal. In addition, in this embodiment, the bus monitor module 104 has a 
plurality of emitters 1 10 to produce a visible indication of power of each phase of line 
power. As an alternative, non-contact sensors may be used to monitor bus voltage. The 
non-contact sensors may be electrically coupled to the logic module 102. 

15 In the illustrated embodiment, the voltage verification system 44 has a first group 

1 12 of voltage sensors that are adapted to detect voltage on each phase of the three-phase 
power downstream of the disconnect 26. A first voltage sensor 1 14 is provided to detect 
voltage on phase "A" downstream of the disconnect 26 and upstream of the fuse 32. A 
second voltage sensor 1 16 is provided to detect voltage on phase "B" downstream of the 

20 disconnect 26 and upstream of the fuse 32. A third voltage detector 1 1 8 is provided to 
detect voltage on phase "C" downstream of the disconnect 26 and upstream of the fuse 
32. 
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In addition, the illustrated voltage verification system 44 also has a second group 
120 of voltage sensors that are adapted to detect voltage on each phase of the three-phase 
power downstream of the fuses. A fourth voltage sensor 122 is provided to detect voltage 
on phase "A" downstream of the fuse and upstream of the motor controller components 
34. A second voltage sensor 124 is provided to detect voltage on phase "B" downstream 
of the fuse and upstream of the motor controller components. A third voltage sensor 126 
is provided to detect voltage on phase "C" downstream of the fuse and upstream of the 
motor controller components. 

In the illustrated embodiment, the logic module 102 receives voltage data and 
identifies a logic state corresponding to the voltage data. The logic module 102 is 
operable to produce an output based on the logic state identified by the logic module 102. 
A first output 128 of the logic module 102 is coupled to the indicators 46 disposed on the 
door 36 (illustrated in Figure 2) of the motor controller 20 and a communications 
network. The logic module 102 receives non-hazardous 24 Vdc power from a logic 
power bus 130. The logic module 102 also comprises indicators 132 disposed on the 
inside of the motor controller 20. 

Referring generally to Figures 3 and 4A-4C, the logic module 102 is adapted to 
produce an output representative of an operational condition according to a logic table 
140 stored within the logic module 102. When a voltage sensor detects the presence of a 
voltage, the voltage is represented in the logic table for that input as a "1 ." When a 
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sensor detects no voltage, the voltage is represented in the logic table for that input as a 
"0." The voltage may be converted to "1 's" and "O's" by the logic module 102 or by 
other circuitry in the processor unit 48. The logic table 140 comprises all of the possible 
logic states 142, i.e., each possible combination of l's and O's, for the given number of 
voltage sensors. If a greater number of sensors are used, a greater number of logic states 
are possible. In addition, each possible combination may be represented as a binary 
number. 

The logic module has a defined output 144 for each of the logic states 142. In the 
illustrated embodiment, there are inputs from nine voltage sensors that define each logic 
state 142. Column 146 of the logic table 140 represents the voltage detected on phase 
"A" of main line power, i.e., vertical bus bar 76, by the bus monitor module 104. 
Column 148 of the logic table 140 represents the voltage detected on phase "B" of main 
line power, i.e., vertical bus bar 78 by the bus monitor module 104. Column 150 of the 
logic table 140 represents the voltage detected on phase "C" of main line power, i.e., 
vertical bus bar 80 (illustrated in Figure 3), by the bus monitor module 104 (also 
illustrated in Figure 3). Column 152 of the logic table 140 represents the voltage detected 
downstream of the disconnect switch 28 of phase "A", i.e., phase 92, by voltage sensor 
1 14. Column 154 of the logic table 140 represents the voltage detected downstream of 
the disconnect switch 28 of phase "B", i.e., phase 94, by voltage sensor 116. Column 156 
of the logic table 140 represents the voltage detected downstream of the disconnect 
switch 28 of phase "C", i.e., phase 96, by voltage sensor 1 18. Column 158 of the logic 



13 



03AB104 

table 140 represents the voltage detected downstream of the fuse 32 of phase "A" by 
voltage sensor 122. Column 160 of the logic table 140 represents the voltage detected 
downstream of the fuse 32 of phase "B" by voltage sensor 124. Column 162 of the logic 
table 140 represents the voltage detected downstream of the fuse 32 of phase "C" by 
voltage sensor 126. The decimal equivalent of each binary number is represented in 
column 164 of logic table 140. 

In the illustrated embodiment, each logic state 142 has a corresponding device 
diagnostic output 166 and hazard code output 168. The device diagnostic output 166 is 
adapted to facilitate a diagnosis of a fault or improper condition and may or may not be 
visible on the indicators 46. The hazard code output 168 is adapted to be displayed on the 
indicators 46, 132. 

Each row of logic table 140 represents a specific combination of inputs and a 
corresponding output. In addition, the rows are displayed in ascending order. For 
example, row 170 represents the condition where no voltage is detected by any of the nine 
voltage sensors. This corresponds to a logic state/binary number of "000000000." This 
corresponds to the decimal number "0." For this logic state, the logic table 140 produces 
a device diagnostic output 166 ("main off') to indicate that there is no main power on the 
vertical bus bars. This also corresponds to a hazard code output 168 ("main fault") to 
indicate that there is a fault in the main power within the MCC 10. The next row 172 
represents the condition wherein a voltage is detected by voltage sensor 126 on phase "C" 
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downstream of the fuse 32, but no voltage is detected by any of the other voltage sensors. 
This corresponds to a logic state/binary number of "000000001", or "1" in decimal 
numbers. As this condition should not exist without at least main power being detected 
on phase "C", the logic module 102 produces a device diagnostic output 166 ("illegal 
5 condition") to indicate that an illegal condition exists and a hazard code output 168 
("system fault") to indicate that there is a fault in the system. 

In the illustrated logic table 140, the same outputs 144 are produced for each 
increasing logic state 142 until the logic state corresponding to decimal number "64" is 

10 achieved, as illustrated in row 174. This corresponds to a condition wherein a voltage is 
detected on phase "C" of vertical bus bar 80 by the bus monitor module 104, but no 
voltages are detected by any of the other voltage sensors. Because this condition 
represents a fault in the main power, the logic module 102 produces a "Main Fault" 
diagnostic device output 166 and a "Main Fault" hazard code output 168 for this logic 

1 5 state. Various combinations of outputs 144 are produced for each increasing logic state 
142 until the logic state corresponding to decimal number "448" is achieved. 

Row 176 of the logic table 140 corresponds to the binary number "1 1 1000000", or 
decimal number "448", and represents the condition whereby voltage is detected by the 
20 bus monitor module 104 for each phase of main power, but no voltage is detected 

downstream of the disconnect 26 or the fuses 32 by any of the voltage sensors. This logic 
state represents the desired condition for accessing the interior of the motor controller 20 
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because proper operation of the disconnect 26 in isolating the main power from the motor 
controller 20 has been verified. Without power being detected on all three phases of main 
power, the motor controller cannot be verified as being electrically isolated from the main 
power. Because this condition represents the condition wherein the motor controller 20 is 
5 isolated from the main power, the logic module 102 produces a diagnostic device output 
166 and a hazard code output 168 ("Unit Power Off.") to indicate that the unit is turned 
off and that the disconnect has isolated the device. 

Row 178 of the logic table 140 corresponds to the binary number "1 1 100100", or 
1 0 decimal number "456", and represents the condition whereby voltage is detected on all 
three phases of the main power by the bus monitor module 104 and downstream of the 
disconnect 26 on phase "C" 96 by voltage sensor 118. This logic state implicates a 
failure of the disconnect 26. The failure may be in the electrical switch 28 of phase "C" 
of the disconnect 26 or a failure of the electrical switches 28 of phases "A" 92 and "B" 
1 5 94. Because this condition represents a failure of at least a portion of the disconnect 26, 

the logic module 102 produces a diagnostic device output 166 corresponding to a "DS 
Fault" and a "Disc. Sw Fault" hazard code output 168 for this logic state to indicate a 
failure in the disconnect switch 26. 

20 Row 1 80 of the logic table 1 40, corresponding to the binary number "111111 00", 

or decimal number "504", represents the condition whereby voltage is detected on all 
three phases of the main power by the bus monitor module 104 and downstream of the 
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disconnect 26 on all three phases, but no voltages are detected by the second group 120 of 
voltage sensors downstream of the fuses 32. This condition may represent a failure of all 
three fuses. Because this condition represents a failure of at least one fuse 32, the logic 
module 102 produces a "Blown Fuse" diagnostic device output 166 and a "Blown Fuse" 
5 hazard code output 168 for this logic state. 

Finally, row 182 of the logic table 140, corresponding to the binary number 
"1 1 1 1 1 1 11", or decimal number "511", represents the condition whereby voltage is 
detected on all three phases of the main power by the bus monitor module 104, all three 
1 0 phases downstream of the disconnect 26 by the first group 1 12 of voltage sensors, and on 
all three phases downstream of the fuses 32 by the second group 120 of voltage sensors. 
This condition represents the normal operating condition for supplying power to the 
motor controller 20. Thus, the logic module 102 produces a "All On" diagnostic device 
output 166 and a "All On-Normal" hazard code output 168 for this logic state. 

15 

The voltage verification system 44 may use software to perform its various 
functions. In addition, the voltage verification system 44 may also comprise self- 
diagnosis and/or self-testing software to verify proper operation of the voltage verification 
system 44. 

20 

The above-described system enables the operational status/condition of an 
electrical system to be verified without accessing the interior of the system. The system 
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also is operable to provide a positive indication that no voltages are present within the 
interior of an electrical enclosure prior to entering the enclosure. 

While the invention may be susceptible to various modifications and alternative 
forms, specific embodiments have been shown in the drawings and have been described 
in detail herein by way of example only. However, it should be understood that the 
invention is not intended to be limited to the particular forms disclosed. Rather, the 
invention is to cover all modifications, equivalents, and alternatives falling within the 
spirit and scope of the invention as defined by the following appended claims. 
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